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Introduction
The World Health Organization (WHO) estimates that as a result of the recent scaling up of antiretroviral combination therapy (ART) in low-and middle-income countries, two million people living with HIV ⁄ AIDS were receiving treatment at the end of 2006, representing 28% of the estimated 7.1 million people in urgent need of treatment in these countries. From January 2004 to 2006, the number of patients on ART increased to 1.3 million in Sub-Saharan Africa, to 280 000 in Asia, and to 355 000 in South America and the Caribbean (World Health Organization, UNAIDS, UNICEF 2007). There is now increasing evidence that the immunological and virological responses to treatment in resource-limited countries can equal those in high-income settings (Djomand et al. 2003; Coetzee et al. 2004; Ivers et al. 2005; Tuboi et al. 2005 Tuboi et al. , 2007 Braitstein et al. 2006 ) and mortality in HIV-infected patients has decreased with the increasing provision of ART. Mortality of patients starting ART has, however, been substantially higher than in industrialised countries, particularly in the first few months of treatment (Braitstein et al. 2006; Ferradini et al. 2006) .
The high early mortality rate is related to patients initiating treatment with very low CD4 cell counts and accompanying co-morbidities and opportunistic infections (Lawn et al. 2005 (Lawn et al. , 2006 Bekker et al. 2006; Liechty et al. 2007 ). An earlier analysis of the ART in Lower-Income Countries (ART-LINC) Collaboration showed that the median CD4 cell count was 108 cells ⁄ ll compared to 234 cells ⁄ ll in Europe and North America (Braitstein et al. 2006) . Because of the large number of HIV-infected patients with advanced disease who are not yet treated, starting treatment earlier is challenging during the scale-up of ART in many settings. Faced with limited resources and shortages of qualified medical personnel, it is unclear to what extent ART programmes in low-and middle-income countries have been able to raise awareness about the need to start ART before serious complications develop and to promote testing and counselling in order to enrol patients at an earlier stage of the infection. It is also unclear to what extent programmes have been able to monitor treatment response in rapidly growing patient populations. We examined time trends in the monitoring and characteristics of patients starting ART using data from the ART-LINC collaboration, a network of treatment programmes in resource-limited settings (Dabis et al. 2005; Braitstein et al. 2006 ).
Methods
The ART-LINC collaboration of IeDEA
The ART in Lower Income Countries collaboration of the International Databases to Evaluate AIDS (ART-LINC of IeDEA) is a large collaborative network of HIV ⁄ AIDS treatment programmes in low and middle income countries in Africa, South America and Asia. The collaboration has been described in detail previously (see also http:// www.art-linc.org and http://www.iedea-hiv.org) (Dabis et al. 2005; Braitstein et al. 2006) . In brief, the collaboration was set up in 2003 with the aim to define the prognosis of HIV-infected patients treated with HAART in resource-limited settings, to compare the experience between different settings, delivery modes and types of monitoring; and to compare outcomes with those observed in industrialized nations. The data collected at participating sites are transferred to data management and statistical teams at the universities of Bern and Bordeaux, where data are cleaned, merged and analysed according to agreed protocols. The collaborative database is updated regularly. The present analysis includes all data available up to 29 June 2007. At all sites, institutional review boards had approved the collection and transfer of data.
Inclusion criteria and definitions
All patients aged 16 years or older with complete data on sex, date of birth and start of highly active antiretroviral therapy (HAART) were included in the study. HAART was defined as a minimum of three antiretroviral drugs and categorized into NNRTI-based regimen [ . Measurements of laboratory values closest to the starting date of ART (within 6 months before up to one week after the date of starting ART) were taken as the baseline levels. For very low CD4 values (<25 cells ⁄ ll) and high HIV viral loads (>100 000 copies ⁄ ml) the time window was extended to one year before starting therapy. To describe trends in monitoring after ART had been initiated, measurements of CD4 cell counts and viral loads nearest to 6 months (within a window of 3-9 months) after start of therapy were evaluated.
Statistical analysis
Descriptive analyses were stratified by region (Sub-Saharan Africa, South America and Asia) and time period. Not all centres provided data for the year 2006 and we therefore combined the years 2005 and 2006 in all analyses. Trends over time were evaluated using a test for trend. Year of starting ART was fitted first as a categorical variable to assess whether the data were compatible with a linear relationship. Logistic regression or linear regression was used for binary or continuous outcomes, respectively, with some analyses restricted to the years 2001 and later, the period ART was scaled up in sub-Saharan Africa and Asia. Stata software (version 9.2, Stata Corporation, College Station, TX, USA) was used for all analyses. Results are presented as medians with interquartile ranges (IQR) and number of patients (%).
Results

Site characteristics
Of 39 089 patients included in the ART-LINC database, 36 715 patients (94%) from 17 ART programmes in 12 countries were included in the analysis (Table 1) . Patients with a missing or implausible date of HAART initiation (n = 1973, 5.1%), missing date of birth (n = 344, 0.9%) or missing information on sex (n = 57, 0.2%) were excluded. The majority of sites (11, 65%) were in Sub-Saharan Africa with the remainder from South America and Asia; the number of patients treated at each site ranged from 96 to 7484. Twelve sites were public clinics, two were research sites. One private for-profit clinic and one non-governmental organisation that provided family-based care were also included. All sites, except two, provided ART free of charge.
Trends in patient characteristics over time
The mean number of patients receiving ART increased substantially in sites from sub-Saharan Africa and Asia, but not in South America where many patients started treatment 1996 to 2000 ( Table 2 ). In sub-Saharan Africa, a 39-fold increase in the number of patients starting ART was observed since 2001 ( Figure 1 , top panel). The median age at the start of therapy was 35 years with little variation over time and across regions. Men were generally older than women at therapy initiation (median 37 vs. 33 years, P < 0.001), with little variation over time ( Table 2 ). The proportion of women varied across regions: in sub-Saharan Africa 19 571 (65%) of 30 056 patients were women compared to 747 (35%) of 2113 patients in South America and 1415 (31%) of 4546 patients in Asia. In sub-Saharan Africa and Asia the proportion of women increased over time (P = 0.007 and P < 0.001, respectively). In all regions a great majority of patients were treatment naïve.
ART regimens
The number of regimens used to treat 95% of patients declined in sub-Saharan Africa, from 17 in the period 1996-2000 to four in [2005] [2006] . In South America this number declined initially but then rose to 20 different regimens in the most recent period. In Asia there were eight regimens in 1996-2000, but this is probably an underestimate because data on regimens were missing for many patients during this period. In 2005-2006 the number for Asia was five ( Table 2 ). The use of NNRTI-based first-line regimens increased substantially during the study period, and dominated from 2001 onwards (Figure 2 ). In subSaharan Africa and Asia few patients started ART with a PI-based regimen in recent years, but PIs were used by over 25% of patients throughout the study period in South America. The most frequently used regimen in sub-Saharan Africa and Asia was lamivudine (3TC), stavudine (D4T) and nevirapine (NVP) and in South America it was zidovudine (AZT), lamivudine (3TC) and efavirenz (EFV). These regimens were used for 16 811 patients (56%), 1929 patients (42%) and 701 patients (33%) in Africa, Asia and South America, respectively. In the most recent period (2005) (2006) 13 576 (82%) patients in sub-Saharan Africa started ART with a D4T-containing regimen compared to 1080 (66%) in Asia and 50 (15%) in South America. Availability of examinations at baseline and six months
The availability of laboratory measurements at baseline and 6 months after starting ART is summarised in Table 3 .
In sub-Saharan Africa, the proportion of patients with a baseline CD4 cell count dropped in the early phase of scaling up ART but increased thereafter. In the most recent [2005] [2006] , the proportion of patients with a viral load measurement at 6 months was 73% in South America and 8% in Asia. Baseline haemoglobin was measured in about half of patients in sub-Saharan Africa, with no increase in recent years. In contrast, haemoglobin measurements at baseline became more common over time in South America and Asia: 58% and 83%, respectively, had it measured in the most recent period (Table 3) . Among patients with information on the initial HAART regimen, 4165 (14%) of 29 487 patients in sub-Saharan Africa were on an AZT containing regimen, compared to 1576 (76%) of 2086 patients in South America and 1050 (28%) of 3764 patients in Asia (P < 0.001 for differences across regions). Among patients starting an AZT containing regimen, 703 (35%) had haemoglobin measured at baseline in Africa, 356 (23%) in South America and 245 (61%) in Asia. In South America, the proportion of patients on an AZT containing regimen with a baseline haemoglobin increased over time, to 59% in [2005] [2006] 
Discussion
This study of more than 36 000 patients from 17 ART treatment sites in low-and middle-income countries found that the number of patients starting ART increased substantially in sub-Saharan Africa and Asia, but not in South America. An important finding is that in more recent years patients initiated treatment with less pronounced immunodeficiency, particularly in South America. However, even in 2005-2006 a majority of patients started with a CD4 count of less than 200 cells ⁄ ll: 80% in sub-Saharan Africa, 78% in Asia and 61% in South America. In all regions, but particularly in sub-Saharan African and Asia, NNRTI-based regimens dominated, and 82% of patients in sub-Saharan Africa, 66% in Asia and 15% in South America started with a D4T containing regimen. In recent years, viral load was no longer commonly measured at the start of treatment or at 6 months in sub-Saharan Africa and Asia whereas in Latin America about half of patients had their viral load determined at baseline and about 70% at 6 months.
Based on the experience with treating tuberculosis, WHO developed a public health approach to providing ART in resource-limited settings, taking into account the realities of weak health systems, costs and availability of drugs and the experience of pilot programmes (Gilks et al. 2006; WHO 2006) . Key characteristics of this approach include the standardisation of first-line and second-line regimens, simplified clinical decision making and standardised clinical and laboratory monitoring (Gilks et al. 2006) . Viral load monitoring is not considered essential, and individual drug resistance testing is not recommended. A survey of national guidelines from 43 middle and lower income countries showed that the WHO (2002) guidelines have been adopted widely (Beck et al. 2006) . Our study shows that these guidelines have been implemented in subSaharan Africa and Asia: the number of regimens in use to treat 95% of patients declined to four and five, respectively. In Brazil and Argentina, national guidelines for ART include routine viral load measurements, and a larger number of first-line regimens are available and used in these countries (Ministry of Health 2004; Sociedad 2006) . Indeed, treatment guidelines in Brazil allow for the use of more antiretroviral drugs than any other middle-or lowincome country (Nunn et al. 2007) . Of note, the public health approach to ART also influenced the strategy of the pharmaceutical industry, including suppliers of generic drugs. Several competitively priced fixed dose combinations became widely available at the time the guidelines were disseminated, and this may have facilitated implementation in some settings.
The WHO 2004) . We found that a majority of patients continue to start treatment well below this threshold. The higher median baseline CD4 in Brazil reflects both the well established treatment programmes with little or no backlog and guidelines that recommend ART at higher CD4 counts. Disease progression and mortality in patients starting HAART is associated with more advanced immunodeficiency (Egger et al. 2002) , and it is likely that an earlier start would largely prevent the excess mortality observed in lower income settings during the first few months of therapy (Braitstein et al. 2006) . Studies have shown that delays in treatment initiation are related to unawareness of HIV status, costs and stigma, as well as waiting lists, shortage of personnel and organizational problems (Coetzee et al. 2004; Ehiri et al. 2005) .
A majority of the patients receiving ART in the African sites were women, and this proportion increased during the study period. In contrast to sub-Saharan Africa, a larger number of men than women received ART in the Latin America and Asian sites. These differences probably reflect differences in the routes of HIV transmission, with heterosexual transmission dominating in Africa, and sex between men and intravenous drug use playing an important role in South America and Asia (UNAIDS 2006) . We previously compared UNAIDS data on the gender distribution of HIV infection in the countries represented in ART-LINC with the proportions of women and men receiving ART in the different programmes participating in ART-LINC (Braitstein et al. 2008) . We found that the proportion of female ART recipients was similar to, or higher than the estimated proportion of HIV-infected adults who are women in most sub-Saharan countries and the programmes in Brazil, Argentina and Thailand (Braitstein et al. 2008) . These findings are supported by a systematic review, which found a female to male ratio of recipients of HAART of more than one in all but two of 21 published studies in seven countries in Southern Africa . The only ART-LINC centre in India, and one of the largest in the collaboration, requires some patients to pay for treatment. Women's inferior economic position is an important barrier to health care in India (Go et al. 2003; Fikree & Pasha 2004) . This might help explain why women were under-represented in this clinic when compared to the UNAIDS estimates (Braitstein et al. 2008) . Note that in previous analyses from this collaboration, survival in the first year of HAART was similar in women and men (hazard ratio 0.84, 95% CI 0.58-1.23) (Braitstein et al. 2006) .
Gender inequalities that inhibit men's use of health care have received relatively little attention (Greig & Lang 2000) . While traditional gender roles give men the power to deny women access to health care (Go et al. 2003) , the physical and emotional strength associated with masculinity and power can also make it unacceptable for men to seek health care (Greig & Lang 2000) . Also, women are often more likely than men to attend services because of dedicated provision of reproductive and child health clinics. Health services that address the needs of men remain under-developed and men are more likely to seek care in the informal sector, such as pharmacies (Collumbien & Hawkes 2000; Varga 2001 ).
Several studies from North America and Europe (Saah et al. 1994; Moore et al. 1998; Sullivan et al. 1998; Mocroft et al. 1999) showed that anaemia in HIV-infected patients is associated with higher rates of disease progression and death, independently of the CD4 cell count and other prognostic factors. Studies from Ethiopia (Mekonnen et al. 2003) and Asia (Zhou & Kumarasamy 2005) have also shown an association of anaemia with mortality. Similarly, total lymphocyte count and body mass index are independent predictors of disease progression and death (Mekonnen et al. 2003; Anastos et al. 2004) . A recent analysis of the of IeDEA cohorts in Southern and West Africa showed that in patients starting ART, a prognostic model that included haemoglobin and total lymphocyte count was similarly powerful compared to a model including the CD4 cell count. This suggests that haemoglobin and total lymphocyte count could potentially be used instead of CD4 in resource-constrained settings (May et al. 2008) . However, with the exception of sites in Asia, we found that at present haemoglobin is not widely available in patients starting ART.
Strengths of our study include its large size, the wide geographic coverage, and longitudinal design. ART-LINC of IeDEA is one of the largest databases of HIV-infected patients followed up in resource-limited settings. Many of the sites have provided ART over extended periods of time, which allowed analyses of trends over time. The type and size of the centres vary considerably and include large scale-up cohorts but also smaller research-oriented sites and private clinics. We acknowledge that the clinics and programmes who participate in ART-LINC are not representative of all sites providing ART in the country. The ART-LINC sites are mainly urban and capture data in electronic databases. Furthermore, not all sites have contributed data for all time periods: only relatively few sites were operating in the earlier years before the scale-up of therapy began.
In conclusion, the public health approach to providing ART has been implemented in many ART-LINC sites. However, most patients start ART at advanced disease, with CD4 cell counts well below the recommended thresholds. Further research is urgently needed to better understand the reasons why many patients start with such advanced disease and how this could be effectively addressed (Egger et al. 2005; Lawn et al. 2006) . There were some improvements in recent years and it will be important to document to what extent the trend towards higher CD4 cell counts will translate into improved outcomes. Similarly, it will be important to compare outcomes of programmes with and without access to viral load monitoring, and further work is required on the possible role of haemoglobin, total lymphocyte count and BMI in deciding on when to start ART and monitoring of treatment response. Gender equity in access to care and treatment for HIV infection is a complex issue. Women are more vulnerable than men to becoming infected with HIV and continued efforts are needed to empower women and secure their rights to treatment and care for HIV infection. Attention, however, should also be paid to HIV-infected men to ensure that gender stereotypes do not prevent them from accessing ART.
